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MODIFICATION OF ACCELERATION ELEMENT IN “TRANSPORT""
J.W. Hurd, J. McGill, MS H812
Los Alamos National Laboratory. Los Alamos, NM 87544

Abstract

One of the uses at LAMPF of the heam-dynamics code
TRANSPORT is to model and tune the proton beams in the
side-coupled linac. Significant differences are found heiween
measured beam characteristics and those calculated by an carly
version of TRANSPORT. These differences are reduced to ac-
ceptable limits by modificction of the original accelerator trans-
formation matrix used in the code. The modified #lement and
a brief description of its derivation are presented. The modified
matrix reduces to the original matrix in the relativistic limit.
The modified matrix is also compared to resultc of numerical
integration to obtain some indication of its accuracy.

Introduction

Beam behavior predicted by the earlier version of TRANS.
PORT ! does nct agree with experimental results. Investiga-
tion of this problem shows that the original uccelerator matrix
used in TRANSPORT is valid only lor benins with large veloc-
ities (3 close to 1). For the heam at LAMPF, § < 0.84, which
is below the energy where the original accelernior matrix is
valid. To remecy this problem, a new first-order trunsforma-
tion matrix for accelerntor sections is developed. This matrix
is designed to use the same input parameters us the earlier
TRANSPORT code. There is a siight difference in the delini-
tion of the longitudinal bunch-length paranieter on which the
new accelerator matrix acts. This difference will be described
later.

The new transformation through the accelerator section is
compared to results of numerizal integration of purticle motion
to validate the accuracy of the new matrix. Second-order terms
are estimated from the numerici results for a specific case.

The new accelerntor matrix ia installed in LAMPI's ver-
sion of TRANSPONRT. The results of the eade now fit the
mensured duta to a degree compurable with mensurement er-
rora. Satisfactory results have been obtained for studies of both
eam centroids and widths,

Rerivation of new Accelerator Malrix

The pliase-space parnmeters used Lo describe n particle are
relative to the o1 -axis, on-energy synchronous particle. Values
with subscript s refer to the synchironous particle. To derive
the equations of motion the staudard TRANSPORT coordi-
nates z,z',y, and y' are used in the transverse plune. In the
longitudinal plane, the difference in encrpy, AV, and the dif-
ference In phase, A¢, are used in the equations of movion. The
subscript o refers to the initial vaiues of » parameter, nnd suly
script [ refers to the fina! values.

The flelda in an accelernton inay be approximated by con.
tinuous flelds over the length of Uic accelerator?. For a parlicle
near the synchronous particie, the fields are approximated by
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where ¢ is the chiarge, 7, J, and ¢ are the normul relativintie
terms, A ls the rf wavelength, AE corresponds to the energy

gnin, and ¢ is the longitudinal phase of the particle. Care must
he taken in the definitions of ¢ and AE. I'o correspond wilh
the original definitions used in TRANSPORT, AE cosd, is the
energy gained by the synchronous particle over the accelerator
section and ¢, is positive for a phase stable nceu srator.

The approximate equation of motion in the transverse
nAF ain¢.) 1

plane is
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where me? is the rest energy and L is the length of the accel-
erator section,

The approximate solutions for particles sufliciently close
to the synchronous particle are
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,, is the initinl energy of the synchronous puarticle, and p,,
is intial momentum.

In the longitudinul plane, the approximate equations of
motlon are given by
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with n solution, again an approximation for particles sufli-
clently close to the synchronous particle, given by
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The phase-space coordinates AW and A¢ are related to
the coordinates used by TRANSPORT by the relations

_ B Ap 1 AW Ap
=3 A¢, and ” _/3,’ W, for o << 1,

There is a small difference in the definition of the bunch-
length parameter { and the corresponding parameter used in
TRANSPORT. The parameter ! used in this paper is the differ-
ence in longitudinal position of a particle f[rom the synchronous
particle at a specific point in time. The standard parameter |
used in TRANSPORT is the difference between the path length
followed by a particle and the path Jength followed by the syn-
chronous particle across a given length.

Resulting Transf .

The resulting non-zero matrix elements arc shown in Ta-
ble 1 and compared to original elements used in TRANSPORT.
These new elements reduce to the original elements in the limit
as 3 — 1. They also reduce to the standard drift matrix ele-
meunts for AE =0.

The transformation can also be compared to results of
numerical integration for specific cases. To obtain the numeri-
cal results, a six-dimensional random Gaussian distribution is
generated. The distribution function is given by

where T is the phase-space coordinate vector, ¢ is the standard
Leam sigma matrix and ¢, ¢y, and ¢, are the emitlances of the
three decoupled planes in phase space.

The differential equations of motion are numerically inte-
grated over the length of the accelerator element. The equa-
tions of motion used for the integration are
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where I, (y) are solutions of modified Bessel’s equations.

Particles are integrated tl--ough a typical LAMPT side-
coupled accelerator tank (the fiit tank in the 805-MHz struc-
ture). The tank length is 290 cin and Lhe integration step size is
0.1 cm. The integration of 5000 particles takes approximately
two hours of CPU c¢ime on a VAX 11/780.

It is assumed that the transformation from the initial
phase-epace coordinates of a particle to the final phase-space .
coordinates is given hy
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Table 1,
Non-zero new and old first-order transformation matrix elements for an accelerator section.
Element New : Old
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The transformation coefficients C;, R;;, and T}, are found
by a least-squares-fit method using the coordinate data gener-
ated by the numerical integration of the particle motion. In
general, values of C; different from zero are an indication of
the statistical nature of the random input distribution. The
first-order transformation elements, R;;, can be compared to
results obtained by analytical methods. The highest terms
from the fit, in this case the second-order terms, Tjji, give
some indication of the error introduced by the truncated, firsi-
order transformation.

The specific case chosen is used because it represents a
worst case for LAMPF. The initial energy is the lowest ia the
side-coupled linac, the emittance the largest, and the tank is
relatively long compared to single gaps in the drift-tube linac.
Transformation values derived from various methods for this
case are compared i Table 2. The three transformation matri-
ces shown in Table 2 are the transformatiun derived from the
fit to numerical integration, the improved transformation now
used in LAMPF's version of TRANSPORT, and the transfor-
mation used in the earlier version of TRANSPORT, Note the
large difference between the elements of the last two matrices
for this specific case.

Conclusjon

Tl.e first-order accelerator transformation matrix used in
the original version of TRANSPORT is acceptable for beams
with 8 = 1, but for proton beams with § < 1 the transiorma-
tion in TRANSPORT st be modified. The new acceicrator
transformation matrix compares well with results (ror numer-
ical integration. The comparisons are done for typical LAMPF
beam parameters with energies greater then 100 MeV,

The new transformation is valid only in the linear region
of phase space well away from the separatrix. For applica-
tions dealing with heams that fll the rf bucket or needing
higher degrees of accuracy, the higher-order transformation
terms will need to be developed. Those Ligher-order approxi-
mations could also be compared to results of numerical integra-
tion for specific cases to give some esuimate of their accuracy.
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Table 2.

Numerical values of the first-order transformmation matrix for a typical 805-MHz tank
in LAMPF’s side-coupled linac. The initinl energy is 100 MeV, the energy gain is 3.19
MeV over a length of 290 cm, and the synchronous phase is 30 degrees. Only the signifi-
cout elements are shown. The values are from the results of uumerical methods, the new
transformation used in LAMPF's new version of TRANSPORT, and the original transfor-

mation.
Numerical
Element Integration
Ry 1.197
Ryz 0.306
Ry 1.386
Raz 1.178
Rss 1.197
Rjq 0.306
R 1.386
Ry 1.178
Rss 0.654
Rse 2,060
Ros -0.279

Ree 0.626

Transport Transport
{New) (Old)
1,201 1.000
0.307 0.290
1,427 0.000
1.186 0.997
1.201 1.000
0.307 0.290
1.427 0.000
1.186 0.997
0.641 1.000
2,096 0.000
-0.281 0.026
0.618 0.997



